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a  b  s  t  r  a  c  t
Background:  Accidental  hypothermic  cardiac  arrest is associated  with  unfortunate  prognosis  and  large
studies  are  rare.  We  therefore  have  performed  an  outcome  analysis  in patients  that  were admitted  to
Vienna  University  Hospital  with  the  diagnosis  of  accidental  hypothermic  cardiac  arrest.
Methods:  This  study  employed  a retrospective  outcome  analysis  of  prospectively  collected  data  in  a
selected  cohort  of  hypothermic  cardiac  arrest  patients.  We  screened  3800  cardiac  arrest  patients,  treated
at our  department  between  1991  and  2010,  for  eligibility.  Inclusion  criteria  were  cardiac  arrest  with a
body  core  temperature  ≤28 ◦C  and  return  of  spontaneous  circulation.
Results:  A  total  of 18  patients  who  achieved  return  of  spontaneous  circulation  were  analysed.  Nine  patients
(50%) achieved  survival  in good  neurologic  condition  (deﬁned  as  cerebral  performance  category  CPC 1
or 2).  Accidental  hypothermia  with  consecutive  cardiac  arrest  was caused  by intoxication  in  most  cases
(67%). These  patients  had  a better  outcome  than  patients  with  other  causes  of  accidental  hypothermic
cardiac  arrest  (OR  = 28; 95%KI  2–37.9;  p < 0.01).  Hypothermia  associated  typical  ECG  changes  after  return
of  spontaneous  circulation  (Osborne  waves)  were  more  frequent  in  the  surviving  population  (OR  16;
95%KI  1.3–19.5;  p  =  0.05).
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. Introduction
Climate in Vienna features warm continental summers and rela-
ively cold winters with outside temperatures around the freezing
oint and snowfall occurring mainly from December throughout
arch.2,3,6–10
Normal body temperature ranges between 35 and 37 ◦C. Acci-
ental hypothermia is deﬁned as the involuntary drop in body core
emperature below 35 ◦C.1–3 Especially severe hypothermia (body
ore temperature ≤28 ◦C) is associated with a high risk of sudden
ardiac arrest and consecutively high mortality. The annual death
ate by accidental hypothermia in the United States of America
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e  hypothermic  cardiac  arrest  was  caused  by  intoxication.
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ranges in between 0.2 and 0.5 per 100,000.1–6 Primary accidental
hypothermia, leading to cardiac arrest is a rare phenomenon in an
urban environment.
Primary hypothermia occurs in healthy patients exposed to
excessive cold, mainly when energy stores are depleted.1–4,6,8 Sec-
ondary accidental hypothermia is mostly associated with severe
illness or injury, which affects temperature regulation mecha-
nisms incapacitates the patient beyond the ability to rewarm
themselves.1–4,6,11–18 A special situation leading to hypothermic
cardiac arrest is rescue collapse, which has been described as car-
diac arrest due to extrication or transportation of a patient in deep
hypothermia. Underlying causes of this phenomenon are still sub-
ject of discussion.2,6–18
In an urban environment secondary accidental hypothermia is
the prevailing cause of hypothermic cardiac arrest. The underlying
cause of accidental hypothermia in those patients can be intoxica-
tions or loss of consciousness due to acute diseases or major trauma
to the central nervous system, fatigue or metabolic disorders. Fur-
thermore people with the lowest socioeconomic status, especially
Open access under CC BY-NC-ND license.the homeless are in danger of suffering accidental hypothermia,
especially when they are intoxicated.1,2,4,6,8,12,14–18
Most recommendations, treatment algorithms, as well as guide-
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ardiac arrest, published by the European Resuscitation Council,
re based on case reports and small volume case series.2,6,11–19
any publications focus on the far more frequent event of
ypothermic cardiac arrest due to avalanche accidents or alpine
utdoor emergencies.20–22 Most studies concerning accidental
ypothermia leading to cardiac arrest include heterogeneous
atient collectives regarding the primary cause of hypothermia
tself.2,6,7,11–18,23
The paucity of evidence on accidental hypothermic cardiac
rrest has prompted us investigate our own treatment strategies
nd outcome of this rare condition.
. Methods
This study is a retrospective cohort analysis based on a prospec-
ively designed and conducted registry of patients resuscitated
rom cardiac arrests in an urban population and admitted to a
epartment of emergency medicine at a tertiary care centre. The
nstitutional ethical review board has approved this registry and
he procedures were in accordance with the ethical standards. Indi-
idual patient records were not reviewed.
Adult patients suffering accidental, hypothermic, out of hospital
ardiac arrest with a body temperature ≤28 ◦C that were admitted
o our hospital and have achieved ROSC were eligible. The study
eriod commenced 1991 and ended 2010. Patient with near drown-
ng were excluded. We  screened 3800 patients admitted to our
mergency department in or after cardiac arrest. Of those 18 met
he inclusion criteria.
Neurologic assessment was performed using cerebral perfor-
ance categories (CPC), which were classiﬁed as follows: (1) good
erebral performance, (2) moderate cerebral disability, (3) severe
erebral disability, (4) coma, and (5) brain death. Favourable neu-
ological outcome was deﬁned as CPC 1 or 2. Good outcome was
eﬁned as survival and favourable neurologic recovery within 6
onths after cardiac arrest. All data were documented prospec-
ively according to “Utstein Style Criteria”2,6,11,12,15,18,23,24 with
tructured protocols on demographic factors, chronic pre-arrest
ealth conditions, and resuscitation details. Case report forms
ere used by trained study nurses or physicians at the emergency
epartment and entered in the cardiac arrest registry database with
ange and consistency checks.
We report continuous variables as means ±standard devia-
ion or as medians and 25–75% interquartile ranges depending
n actual data distribution. Categorical variables are reported as
ounts and percentages. Differences between survivors with good
eurological outcome and non were assessed using Student’s t-test
r Mann–Whitney test for continuous variable, and chi-square tests
r Fisher exact test for binary variables, as appropriate. We cre-
ted subgroups by allocating patients into groups according to their
etiology leading to accidental hypothermia and compared those
ubgroups with regards to the outcome. Finally a Kaplan Meier
urvival-estimate has been calculated with factors signiﬁcantly
ssociated with favourable outcome. PASW Statistics (version 18
nd 20, SPSS, IBM Corporation, Somers, NY) was used to analyse
he data. A two-sided p-value of less than 0.05 was  considered
tatistically signiﬁcant.
. Results
We  analysed 18 patients (43% female) with accidental hypother-
ic  cardiac arrest with a median age of 50 (IQR 38–64) years.
Temperature measurements were performed at cardiac arrest
r ﬁrst EMS contact, at return of spontaneous circulation (ROSC),
t admission to our department and later on in regular inter-
als. From admission on only oesophageal, urinary bladderon 85 (2014) 749–756
and pulmonary artery temperature measurements were selected
for analysis, since reliability of other measurements remains
unclear.1,2,6,8,11,12,14–18,23
Rewarming was  undergone using different strategies and meas-
ures. Warm air convection was performed by the use of the
Bairhugger® system (Arizant, USA), circulating warm air under a
nylon blanket and around the patient. Warm intravenous ﬂuid ther-
apy consisted of intravenous application of 39 ◦C Ringers lactate.
Warm air ventilation was performed by delivering 39 ◦C air via the
servo i® respirator system (Maquet, Germany). Pleural lavage was
performed via after mini thoracotomy circulating 39 ◦C warm 0.9%
sodium chloride solution. Venoarterial cardiopulmonary bypass
was performed after femoro-femoral cannulation. The device
consisted of a extracoporeal membrane oxygenation (ECMO) sys-
tem with a centrifugal pump (Bio-Pump Plus®, Medtronic, USA),
a heat exchanger (BIOtherm®, Medtronic, USA) and a membrane
oxygenator (Afﬁnity NT®, Medtronic, USA).
There was  no protocol determining a certain rewarming strat-
egy for each patient. Neither existed a protocol for the rate of
rewarming, regardless if patients were admitted after ROSC or with
ongoing CPR efforts. The measures were at the discretion of the
treating emergency physician. The ﬁrst 12 lead ECG after ROSC was
assessed regarding the occurrence of ‘Osborne waves’, as typical
hypothermia associated changes.2,11,14–17,19
Baseline characteristics are displayed in Table 1. By far the most
frequent cause of accidental hypothermia in this population was
intoxication. All conditions leading to hypothermia and consecu-
tively to cardiac arrest are displayed in Table 2. The one patient
who suffered hypothermia after trauma had a traumatic fracture of
the second cervical vertebra.
Overall survival to hospital discharge was achieved in 9 patients
(50%) and all of the surviving patients had favourable neurological
outcome at discharge and after 6 months.
Bystander CPR was not performed at all. Shockable heart rhythm
in the initial ECG was found in 7 (39%) patients, which however
was not signiﬁcantly associated with survival or favourable out-
come. Even, if there was  a trend towards better survival in patients
with shockable rhythms (71% survivors with initially shockable
rhythm vs. 36% survivors with non shockable rhythm). The ﬁrst
obtained 12 lead ECG after ROSC showed typical hypothermia
associated deviations (Osborne waves) in 11 patients (61%). Ini-
tial blood results stratiﬁed for outcome are displayed in Table 1
and in Tables 3, 4 and 5 for each individual patient. The course
of temperature over time stratiﬁed for outcome is shown in
Fig. 1.
The lowest recorded initial temperature was 22.6 ◦C. Median
temperature at cardiac arrest was  24 ◦C (IQR 23; 26 ◦C). Temper-
ature data are displayed for each patient in Tables 3, 4 and 5.
The majority of patients was rewarmed by extracorporeal circu-
lation (9, 50%). Other rewarming strategies included warm ﬂuids,
warm air ventilation with or without thoracic lavage using warm
saline solution as shown in Tables 3, 4 and 5. Different measures
of temperature management and the rewarming strategies were
not signiﬁcantly associated with favourable outcome. Temperature
course over time for patients who were treated by ECPB and those
who were not is shown in Fig. 2.
Therapeutic hypothermia after ROSC was applied in 2 patients
(10%). They were rewarmed to 33 ◦C and kept in a target tem-
perature corridor of 32–34 ◦C for 24 h. Both of them survived and
could be discharged in good neurologic condition. The same level
of hypothermia after restoration of spontaneous circulation was
recorded in 8 patients (38%) for ≥12 h and in 6 patients (29%)
for ≥24 h. Either duration was  not signiﬁcantly associated with
favourable prognosis.
Of the twelve patients (67%) who  suffered EMS  witnessed res-
cue collapse during ambulance recovery or during transportation,
A. Schober et al. / Resuscitation 85 (2014) 749–756 751
Table  1
Baseline characteristics.
Total Favourable outcome Unfavourable outcome
N (%) 18 (100) 9 (50) 9 (50)
Female  9 (50) 5 (56) 4 (44)
Age  (years) 45 (36;62) 43 (34;54) 61 (37;67)
Body  mass index 22 (19;25) 23 (20;25) 21 (19;25)
Witnessed CA 17 (94) 8 (89) 9 (100)
VF  7 (39) 5 (56) 2 (22)
VT  0 0 0
Asystole 4 (22) 1 (11) 3 (33)
PEA  7 (39) 3 (33) 4 (44)
Deﬁbrillations 1 (0;4) 1 (1;6) 1 (0;3)
Adrenalin applied during CPR–(mg) 2 (0;4) 2 (0;9) 2 (0;4)
‘Low  ﬂow’ (min) 60 (11;225) 45 (11;195) 100 (24;238)
Serum  lactate (mmol/l) 8.7 (5.7;10) 9.8 (8;14.5) 6.0 (3.2;9.6)
Serum  pH 7.24 (7.08;7.27) 7.24 (7.21;7.27) 7.16 (6.96;7.30)
Serum  Potassium (mmol/l) 3.1 (2.3;4.2) 3.1 (2.6;3.6) 4.1 (2.9;5.3)
Serum  glucose (mg/dl) after 6 h 179 (125;295) 129 (97;166) 295 (242;616)
VF, ventricular ﬁbrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; serum pH levels obtained for 37 ◦C without temperature correction; the ‘lowﬂow’
time  interval was  calculated from cardiac arrest to restoration of spontaneous circulation in conservatively treated patients and from cardiac arrest to start of extracorporeal
circulation in patients treated with ECPB.
Table 2
Causes of hypothermia.
Total Favourable outcome Unfavourable outcome p value
N (%) 18 (100) 9 (50) 9 (50)
Metabolic disorder 3 (17) 0 3 (17)
Intoxication 12 (67) 9 (50) 3 (17) <0.01
Trauma 1 0 1 n.s.
End  stage disease 1 0 1 n.s.



















DRescue collapse leading to CA 12 (67) 7 (58)
ata are presented in as n (%), CA, cardiac arrest; n.s., no signiﬁcant difference.
 (58%) could be discharged in favourable neurologic condition. The
nitial heart rhythm in patients with rescue collapse was ventricular
brillation in 6 patients (50%), asystole in 3 (25%) and pulseless elec-
rical activity in 3 (25%). Their outcome did not differ signiﬁcantly
ompared to the patients without rescue collapse.
Serum potassium levels on admission were lower in the sur-
iving population but not signiﬁcantly associated with survival
r favourable neurological outcome. Patients with favourable out-
ome were younger (43 vs. 52 years) but this difference lacked
igniﬁcance as well.
Hypothermia associated typical ECG changes after ROSC
Osborne waves) were signiﬁcantly more frequent in the surviving
opulation OR 16 (1.3–19.5; p = 0.05). A Kaplan–Meier diagram for
ypothermia typical ECG changes is displayed in Fig. 3. Intoxication
eading to hypothermia and consecutive cardiac arrest was  signiﬁ-
antly more frequent in patients with favourable outcome (OR = 28;
able 3
ecorded temperatures and temperature management.
T
N (%) 
Initial temperature, ◦C – median (IQR) 
Minutes spent below 30 ◦C 2
Minutes spent below 32 ◦C 2
Minutes spent below 34 ◦C 4
Rewarming method
ECPB 
Warm air convection + ventilation + ﬂuids
Warm air convection + ﬂuids + warmed air ventilation + pleural lavage 
Warm air convection + ﬂuids 
Warm ﬂuids only 
Unknown 
No  strategy 
ata are presented as median (IQR) or n (%) as appropriate n.s. = no signiﬁcant difference;5 (42) n.s.
p < 0.01; 95%KI 2–37.9). A Kaplan–Meier diagram for intoxication
vs. other causes of hypothermia is displayed in Fig. 4. Temperature
at cardiac arrest and ROSC were not signiﬁcantly associated with
the occurrence of Osborne waves in the ECG, but there was a trend
towards a lower temperature at ROSC when Osborne waves were
found (27.6 ◦C vs. 29.3 ◦C; p = 0.35).
Initial lactate was signiﬁcantly higher in patients with
favourable neurological outcome (9.8 vs. 6.0 mmol/l; p = 0.046). It
was neither associated with temperature at cardiac arrest nor with
the cause of hypothermia.
4. DiscussionAccidental hypothermic cardiac arrest in an urban area is rare.
Causes of accidental hypothermia leading to cardiac arrest in a city
are mostly intoxications, very severe disease and socioeconomic
otal Favourable outcome Unfavourable outcome
18 (100) 9 (50) 9 (50)
24.0 (23;26) 24.0 (24.0;25.3) 24.4 (22.8;27.0)
25 (168;338) 225 (173;358) 225 (168;293)
70 (225;505) 300 (225;565) 265 (205;443)
20 (280;650) 420 (240;650) 400 (298;780)
9 (50) 5 (56) 4 (44)
1 (6) 0 1 (11)
1 (6) 0 1 (11)
4 (22) 3 (33) 1 (11)
1 (6) 0 1 (11)
2 (11) 1 (11) 1 (11)
0 0 0















Patients with favourable outcome.
Patient 1 2 3 4 5 6 7 8 9
Sex F F F M M M F F M
Age  57 38 67 43 46 50 30 37 18
Prehospital CA Yes Yes No Yes No No Yes No Yes
Cause  of
hypothermia
Homeless + intoxication Intoxication Intoxication Intoxication Intoxication Intoxication Intoxication Intoxication Intoxication
Initial  heart rhythm Asystole VF Asystole PEA VF VF VF VF Asystole
ECG  after ROSC Osborne waves LBBB Osborne waves + LBBB Osborne waves Osborne waves Osborne waves Osborne waves + LBBB Osborne waves Osborne waves
Lowﬂow  time – min 10 165 315 12 55 205 1 35 unknown
Temperature at CA ◦C 24.0 24.6 25.3 26.0 25.3 24.0 24.0 23.8 22.7
Rewarming strategy ECPB ECPB ECPB air convection + ﬂuids unknown ECPB air convection + ﬂuids air convection + ﬂuids ECPB
Minutes  after CA
below 30 ◦C
160 220 130 230 780 210 350 0 360
Minutes  after CA
below 32 ◦C
200 250 130 300 960 270 530 460 600
Minutes  after CA
below 34 ◦C
240 440 150 380 1002 420 650 500 660
Rescue  collapse Yes Yes No Yes Yes Yes Yes Yes No
Serum  potassium
mmol/l
3.1 2.9 3.1 2.7 2.8 3.1 2.5 4.1 4
Serum  pH 7.26 7.186 7.288 7.227 7.09 7.235 7.241 7.233 7.293
Serum  lactate mmol/l 8.6 9.9 9.8 20.7 18 10.9 8.7 7.5 6.1
Serum  glucose after
6 h – mg/dl
134 240 179 123 129 100 93 152 62
CA, cardiac arrest; ROSC, return of spontaneous circulation; CPC, cerebral performance category; ECPB, emergency cardiopulmonary bypass; blood laboratory results at admission if not indicated differently; LBBB, left bundle
branch  block; VF, ventricular ﬁbrillation, PEA, pulseless electric activity; serum pH levels obtained for 37 ◦C without temperature correction; the ‘lowﬂow’ time interval was calculated from cardiac arrest to restoration of















Patients with unfavourable outcome.
Patient 10 11 12 13 14 15 16 17 18
Sex M M F F M F M M F
Age  31 43 72 70 61 61 43 63 25





Metabolic disorder Unknown Intoxication End stage disease Metabolic disorder Intoxication Trauma Metabolic disorder
Initial  heart rhythm VF PEA VF Asystole Asystole PEA PEA Asystole Asystole
ECG  after ROSC Normal Normal Osborne waves + LBBB Normal Osborne waves + LBBB RBBB. VES. RBBB +LAHB Osborne waves Normal
Lowﬂow  time – min  215 45 60 240 2 100 235 558 1
Temperature at CA ◦C 25.1 27.0 23.0 25.8 27.0 22.8 23.0 22.6 27.0





Unknown ECPB ECPB ECPB Convection + ﬂuids
Minutes  after CA
below 30 ◦C
220 270 500 0 230 160 300 190 110
Minutes  after CA
below 32 ◦C
250 330 660 0 260 190 480 270 130
Minutes  after CA
below 34 ◦C
260 450 860 1140 350 220 540 350 280
Rescue  collapse Yes No No No Yes Yes Yes No Yes
Serum  potassium
mmol/l
1.4 1.8 2.0 3.3 5.3 4.8 8.2 4.3 3.9
Serum  Ph 7.069 6.571 7.056 7.25 7.261 6.925 7.075 7.361 7.302
Serum  lactate mmol/l 9.5 4.7 10.0 2.8 9.6 6.7 5.3 2.7 2.5
Serum  glucose after
6 h – mg/dl
283 1050 300 226 228 680 422 126 289
Survived  6 months No No No No No No No No No
Best  CPC 4 4 3 4 4 4 4 3 4
CA, cardiac arrest; ROSC, return of spontaneous circulation; CPC, cerebral performance category; ECPB, emergency cardiopulmonary bypass; blood laboratory results at admission if not indicated differently; LBBB, left bundle
branch  block; VF, ventricular ﬁbrillation. PEA, pulseless electric activity; serum pH levels obtained for 37 ◦C without temperature correction; The ‘lowﬂow’ time interval was calculated from cardiac arrest to restoration of
spontaneous circulation in conservatively treated patients and from cardiac arrest to start of extracorporeal circulation in patients treated with ECPB.






















lig. 1. Timeline of 24 h of rewarming process after hypothermic cardiac arrest. x-a
entegrade for two  groups of patients, those with favourable (red) and those with u
his  ﬁgure legend, the reader is referred to the web version of the article.)
atastrophes. Naturally they differ signiﬁcantly from patients with
ypothermic cardiac arrest in the wilderness or during alpine
ccidents. Patients in wilderness accidents tend to be younger
nd generally healthy persons who suffer either major trauma
r hypothermia due to exhaustion with or without hypoxia. The
verall outcome in our collective of cardiac arrest patients is rather
ood and comparable to previous studies.2,3,6,11,12,14–18,23 Since
ntoxication leading to accidental hypothermia (12 out of 18 of
ur patients) had a very good prognosis we found a high rate of
ortunate outcome in our overall population. The good outcome
f the intoxicated cohort might be caused by a lower frequency of
erious comorbidities. Interestingly the outcome in this cohort is
igniﬁcantly better than that of normothermic intoxicated cardiac
rrest patients, where we found a rate of survival with favourable
utcome in 38% of patients [unpublished data, Vienna CPR study
roup].
ig. 2. Timeline of 24 h of rewarming process after hypothermic cardiac arrest, x-axis,
entegrade for two groups of patients, those with ECPB as rewarming measure (blue) an
egend,  the reader is referred to the web version of the article.)me from cardiac arrest in hours; y-axis, median body core temperature in degrees
urable (blue) neurological outcome. (For interpretation of the references to color in
Eventhough there seems to be a trend towards shorter intervals
of ‘lowﬂow’ in patients with favourable outcome (45 vs. 100 min),
the results showed no statistical signiﬁcance, presumably due to
the small sample size and the high interindividual differences.
Serious to terminal diseases and metabolic disorders leading to
hypothermia and consecutive cardiac arrest had worst outcome.
Patients were obviously sick beyond the possibility to cure the
underlying condition. All the patients suffering from severe ill-
ness or metabolic derangement that lead to hypothermic cardiac
arrest, did not survive to hospital discharge. These results are in
accordance with previously published data.2,6,15,18,23
Overall our results are not easily to compare to other stud-
ies, since the population we  analysed is not assessed frequently.
In several case reports the outcomes of patients after accidental
hypothermic cardiac arrest are described. Most of them included
patients that were immersed or submersed in cold water, making
 time in h after cardiac arrest; y-axis, median body core temperature in degrees
d those without (red). (For interpretation of the references to color in this ﬁgure
A. Schober et al. / Resuscitatio




















iCG  after ROSC (green) and patients without those changes (blue). x-axis, days after
ardiac arrest; y-axis, cummulative survival. (For interpretation of the references to
olor in this ﬁgure legend, the reader is referred to the web version of the article.)
t difﬁcult to differentiate between hypothermia and submersion or
sphyxia.11,15,18,23 Another population of patients prone to suffer
rom accidental hypothermia are avalanche victims, but it has to be
aken into account that accidental hypothermia in the city usually
volves without asphyxiation or major trauma.2,11,14–17
In a recent publication Brown et al. reviewed causes, outcome
nd treatment for accidental hypothermia. Speciﬁcally interest-
ng was the variety of rewarming strategies and the variation in
ewarming rates caused by those interventions. Survival in good
eurological condition for patients in cardiac arrest due to acci-
ental hypothermia was reported to be 50%. The authors state, in
ccordance to what we suspect regarding our study, that full recov-
ry may  only be possible if there is no preceding hypoxia, major
rauma or severe underlying disease.2,3,14–17
ig. 4. Kaplan Meier survival estimate for patients with intoxication (green) and
hose with other causes (blue). x-axis, days after cardiac arrest; y-axis, cummulative
urvival. (For interpretation of the references to color in this ﬁgure legend, the reader
s  referred to the web version of the article.)n 85 (2014) 749–756 755
In our patients rewarming was performed using either emer-
gency cardiopulmonary bypass (ECPB) or a combination of
conventional and less invasive rewarming strategies. The fact
that 50% of the patients were rewarmed by conventional strat-
egy and only the other half were treated with ECPB can partly
be explained by the long time span the study reﬂects. Rewarm-
ing from refractory deep hypothermic cardiac arrest (in accordance
with resuscitation guidelines) is currently performed by the use of
ECPB. There was  no protocol to determine the rewarming strategies
and ECPB was  installed according to the discretion of the treating
physician. Obviously there was a selection bias towards conserva-
tive rewarming strategies, leading to conservative rewarming in
patients who  achieved ROSC earlier and the installation of car-
diopulmonary bypass in patients who remained unstable longer.
The use of ECPB to stabilize and rewarm the patients was not sig-
niﬁcantly associated with better survival. We  suspect that this is
caused by selection bias, since ECPB has been used in more unstable
patients. As previous studies have already shown, the use of ECPB
after hypothermic cardiac arrest, is necessary in haemodynamically
unstable patients.6 According to what Röggla et al. have published,
conventional measures might sufﬁce in haemodynamically stable
patients.3,11
Even though mild hypothermia was not yet a therapeutic con-
cept at the time when most of the analysed cases happened it
occurred in 7 patients (30%) for at least 12 h after cardiac arrest.
This was caused by a delay in rewarming in 5 patients and the
effect of mild hypothermic treatment in two. Outcome did not dif-
fer signiﬁcantly in patients with mild hypothermia for that length
of time compared to patients that were rewarmed to normother-
mia  as soon as possible. That both patients in whom therapeutic
hypothermia was applied could be discharged in favourable con-
dition is more likely a result of selection bias or chance, than a
measured treatment effect.
Cardiac arrest during recovery ‘rescue collapse’ was  a frequent
phenomenon in this collective of patients. The outcome of patients
in this small collective seems to be very good, with a neurologic
intact survival rate of 58%. However it was  not signiﬁcantly better
than in patients without the rescue collapse phenomenon. Our data
is suggestive that awareness when handling severe hypothermic
patients, to avoid the rescue collapse phenomenon needs to be even
be further increased. Of note is the fact, that half of the patients
with ‘rescue collapse’ suffered from asystole or pulseless electrical
activity, when rather arhythmias would have been expected.9,10
The ﬁnding that basic life support was never performed can be
explained by the fact that most of the cardiac arrests were EMS
witnessed or occurred at the hospital. In both cases advanced life
support is started right away. Furthermore it has to be stated that
the assessment of severe hypothermic patients with regards to
their circulation status is tremendously difﬁcult, even for the pro-
fessional rescuer.
Hypothermia associated ECG changes were signiﬁcantly more
frequent in patients with fortunate prognosis. As we  have suspected
those changes to be associated with lower temperatures at ROSC,
we found the temperatures to be lower in the group of patients
with Osborne waves, but without signiﬁcance.
Interestingly serum potassium was  not signiﬁcantly associated
with outcome. Even though it is a critical parameter in guide-
lines for management of hypothermic cardiac arrest in avalanche
victims,11 it does not seem to be of the same use in the urban pop-
ulation. However our results have to be interpreted carefully due
to the small sample size.
The question if therapeutic hypothermia features a neuropro-
tective measure in the collective of patients suffering accidental
hypothermic cardiac arrest cannot be answered. Future research
will have to focus on the corridors of temperature management for
































professionals from a task force of the international liaison committee on resusci-
tation (American Heart Association, European Resuscitation Council, Australian56 A. Schober et al. / Resu
With respects to the low frequency of this condition, this
tudy seems to represent one of the larger case collections. The
etrospective nature of this analysis is a limitation, on the other
and the quality of the data analysed is very good due to consistency
hecks and validation systems.
. Conclusion
In conclusion hypothermic cardiac arrest in the urban area of
ienna is a rare phenomenon. It is associated with an excellent
rognosis when the underlying cause is intoxication. In this study
 small cohort of patients could be identiﬁed, which was success-
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